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(54) Multilayered wiring board, method of producing multilayered wiring board, electronic device 
and electronic apparatus 



(57) The present invention seeks to provide a mul- 
tilayered wiring board, a method of producing the mul- 
tilayered wiring board, an electronic device and an elec- 
tronic apparatus in which elaborate multilayered wiring 
can be formed with relatively simple production process- 
es. A method of producing a muftilayered wiring board 



having at feast two wiring layers (wiring patterns 1 7, 31 ), 
polyamide 22 (an interiayer insulation film) between the 
wiring layers, and an interiayer conducting post (a con- 
ductor post) 18 for conducting between the wiring pat- 
tern 1 7 and the wiring pattern 31 , wherein the polyimide 
22 is disposed around the interiayer conducting post 1 8 
using a liquid drop discharge system. 
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Description 

[0001] The present invention relates to a multilayered 
wiring board, a method of producing the multilayered 
wiring board, an electronic device and an electronic ap- 
paratus. 

[0002] Multilayered printed wiring boards are conven- 
tionally produced as follows: Firstly, respective layers 
are aligned with and laminated on a monolayer board 
on which a pattern is formed by etching. Then, through- 
holes are provided on the predetermined positions of the 
board to electrically connect above and below wiring lay™ 
ers. Plating is made on surroundings of the through- 
holes for connection or the through-holes are filled with 
a conductive paste, whereby the multilayered printed 
wiring board is formed. 

[0003] However, by the above production method, 
pads for mounting parts cannot be formed on the 
through-holes, and it is difficult to use it for high density 
packaging since each through-hole has generally a di- 
ameter of about 0.3 mm* 

[0004] In recent years, there is used a method of elec- 
trically connecting the interlayers by non-through inter- 
layer connection (Interstitial Via Hole, hereinafter re- 
ferred to as H IVH") in order to improve surface mounting 
density. Using such a method, the holes on an insulation 
layer are filled with the conductive paste, or the non- 
through holes disposed on the insulation layer is meta! 
plated with a photosensitive resin. Thus, resin multilay- 
ered printed wiring boards that all layers can be con- 
nected by the IVH are practically used, 
[0005] However, any conventional methods adopt the 
technique that the insulation film is perforated and the 
holes are plated or filled with the conductive paste. 
Thus, the production processes becomes complex. 
[0006] Japanese Examined Patent Application Publi- 
cation No. 6-57455 discloses a method of forming a mul- 
tilayered wiring by forming conductive posts for connect- 
ing layers on a bottom wiring layer using photolithogra- 
phy, applying a resin around the conductive posts to 
form an insulation film by a hot press so that the top 
surfaces of the conductive posts are exposed, and then 
forming a top wiring layer, without perforating the insu- 
lation layer. 

[0007] Japanese Unexamined Patent Application 
Publication No. 9-46045 discloses a method of forming 
the conductive posts for connecting the interlayers by 
depositing stud bumps, conductive balls or metal partic- 
ulates. 

[0008] However, in the methods disclosed in the 
above-mentioned publications, the bottom wiring layer 
and the conductive posts for connecting the interlayers 
are formed separately by different processes. Thus, the 
production processes becomes complex. Also, in the 
methods disclosed in the above-mentioned publica- 
tions, top surfaces of the conductive posts are exposed 
by a hot press after the insulation film is coated over the 
whole surface. Thus, heights of the conductive posts are 



required to be completely the same. 
[0009] Japanese Unexamined Patent Application 
Publication No. 2000-204479 discloses a method of 
forming an insulation film selectively by etching a de- 
5 sired pattern using an insulation solution and by heating 
and drying it f without perforating the insulation Sayer. 
Japanese Unexamined Patent Application Publication 
No. 2000-204479 discloses a method of forming a con- 
ductive wiring pattern selectively by applying an activa- 
te torforefectroless plating such as a silane coupling agent 
using a liquid drop discharge system (ink jet method) 
and then plating. 

[0010] As described above, the pattern is applied so 
that the insulation layer and the conductive layer are 
15 formed at the predetermined order, whereby a three-di- 
mensional wiring structure can be formed. 
[001 1] However, in the above-mentioned convention- 
al techniques, it is difficult to form an elaborate pattern 
in which widths of line/space are 20 um/20 u,m, because 
2Q the plating is made. Also, it is needed to treat waste so- 
lutions. 

[0012] An object of the present invention is to provide 
a multilayered wiring board, a method of producing the 
multilayered wiring board, an electronic device and an 
electronic apparatus in which elaborate multilayered 
wiring can be formed with relatively simple production 
processes. 

[0013] In order to achieve the aforementioned object, 
according to the present invention, there is provided a 
method of producing a multilayered wiring board having 
at least two wiring layers, an interlayer insulation film 
between the wiring layers, and a conductor post for con- 
ducting between the wiring layers, wherein the interlayer 
insulation film is disposed around the conductor post us- 
ing a liquid drop discharge system. 
[0014] According to such a method, photolithography, 
etching and perforation processes are not needed for 
forming the interlayer insulation film, thereby simplifying 
the steps of producing the multilayered wiring board. 
The production apparatus can be small-sized, the pro- 
duction time can be shortened and the production costs 
can be decreased. 

[0015] In addition, the interlayer insulation film can be 
formed without requiring a mask. The interlayer insula- 
tion film can be formed directly from a CAD data, where- 
by the time from a design to a completion can be short- 
ened and a design change can be easily made. 
[0016] Furthermore, the interlayer insulation film is 
formed by the liquid drop discharge system, whereby 
the interlayer insulation film can be formed after top sur- 
faces of the conductor posts are exposed with certainty. 
[0017] in the method of producing a multilayered wir- 
ing board according to the present invention, the inter- 
layer insulation film is preferably formed using a liquid 
with a low viscosity. 

[0018] According to such a method, the top surfaces 
of the conductor posts formed on an underlayer wiring 
are aligned with a top surface of the interlayer insulation 
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film by a self-leveling effect, even if the underlayer has 
difference in level more or less. Thus, the multilayered 
wiring board with an excellent structure can be formed, 
[0019] In the method of producing a multilayered wir- 
ing board according to the present invention, the con- 
ductor post is preferably formed by a liquid drop dis- 
charge system, 

{0020] According to such a method, photolithography, 
etching and perforation processes are not needed for 
forming the interlayer insulation film, thereby simplifying 
the steps of producing the multilayered wiring board. 
The production apparatus can be small-sized, the pro- 
duction time can be shortened and the production costs 
can be decreased. 

[0021] In addition, the interlayer insulation film can be 
formed without requiring a mask. The interlayer insula- 
tion film can be formed directly from a CAD data, where- 
by the time from a design to a completion can be short- 
ened and a design change can be easily made. 
[0022] In the method of producing a multilayered wir- 
ing board according to the present invention, at least 
one of the wiring layers is preferably formed by a liquid 
drop discharge system. 

[0023] According to such a method, photolithography, 
etching and perforation processes are not needed for 
forming the Interlayer insulation film, thereby simplifying 
the steps of producing the multilayered wiring board. 
The production apparatus can be small-sized, the pro- 
duction time can be shortened and the production costs 
can be decreased. 

[0024] In addition, the interlayer insulation film can be 
formed without requiring a mask. The interlayer insula- 
tion film can be formed directly from a CAD data, where- 
by the time from a design to a completion can be short- 
ened and a design change can be easily made. 
[0025] In the method of producing a multilayered wir- 
ing board according to the present invention, all of the 
interlayer insulation film, the wiring layers and the con- 
ductor post are preferably formed by a liquid drop dis- 
charge system. 

[0026] According to such a method, photolithography, 
etching and perforation processes are not needed for 
forming the interlayer insulation film, whereby simplify* 
ing the steps of producing the multilayered wiring board. 
The production apparatus can be small-sized, the pro- 
duction time can be shortened and the production costs 
can be decreased. 

[0027] In addition, the interlayer insulation film can be 
formed without requiring a mask. The interlayer insula- 
tion film can be formed directly from a CAD data, where- 
by the time from a design to a completion can be short- 
ened and a design change can be easily made. 
[0023] In the method of producing a multilayered wir- 
ing board according to the present invention, all of the 
interlayer insulation film, the wiring layers and the con- 
ductor post are preferably formed using the same liquid 
drop discharge apparatus. 

[0029] According to such a method, if the liquid drop 



discharge apparatus has a plurality of discharge heads, 
or if the head has a structure that a plurality of liquids 
(inks) are provided separately to a plurality of nozzle 
groups of one head like a normal color inkjet printer for 

s printing images, the interlayer insulation film, the wiring 
layer and the conductor posts can be formed only by 
replacing an electronic file (bit maps) for controlling an 
application pattern. Consequently, the production time 
can be further shortened, the production costs can be 

*0 further decreased and the design change can further be 
easily made. 

[0030] Preferably, in the method of producing the mul- 
tilayered wiring board, the wiring and the conductor 
posts are formed by repeating alternately a discharge 
15 of a conductive ink to a board and a drying of the con- 
ductive ink discharged. 

[0031] According to such a method, by alternately re- 
peating the discharge of the conductive ink to the board 
and the drying of the conductive ink discharged, the wir- 
20 ing or the conductive film of the conductive posts can 
be thickened gradually to the desired thickness and 
height. 

[0032] In the method, the applied film has liquid repel- 
lency to the conductive ink containing metal particulates 

25 after the conductive ink (solution) containing the same 
metal particulates is dried. When the conductive ink is 
applied over the film, the ink is not spread, and the film 
can be thickened advantageously in a height direction. 
Utilizing the advantage, the conductive posts can be 

30 formed only on needed parts, 

[0033] In the method of producing a multilayered wir- 
ing board according to the present invention, a dis- 
charged surface of the board is preferably subjected a 
water repellent treatment before a liquid drop is dis- 

35 charged onto the board by the liquid drop discharge sys- 
tem. 

[0034] Accord ing to such a method , widths of the wir- 
ing can be made narrow, resulting in a finer wiring struc- 
ture. 

40 [0035] in the method of producing a multilayered wir- 
ing board according to the present invention, a receptor 
iayer is preferably formed on a discharged surface of 
the board before the liquid drop is discharged onto the 
board by the liquid drop discharge system, 

45 [0036] According to such a method, the wiring and the 
conductor posts can be easily formed at the predeter- 
mined positions. 

[0037] In the method of producing a multilayered wir- 
ing board according to the present invention, the wiring 
so and the conductor post are preferably formed by firing 
the conductive ink that is discharged onto the board and 
is dried. 

[0038] According to such a method, electrical conduc- 
tivity can be developed in the conductive ink discharged 
55 onto the board. In other words, since the electrical con- 
ductivity cannot be developed only by drying the con- 
ductive ink, and can be developed by firing. 
[0039] The method of producing a multilayered wiring 
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board according to present invention preferably com- 
prises the step of firing the interlayer insulation compris- 
ing the steps of discharging a liquid containing polyimide 
or a polyimide precursor onto the board. 
[0040] According to such a method, the interlayer in- 
sulation film can be formed, for example, by diluting the 
polyimide precursor with a solvent to have a viscosity 
capable of being discharged in liquid drops, discharging 
the liquid drops and firing at 300 Celsius degree. 
[0041] The method of producing a multilayered wiring 
board according to the present invention comprises the 
step of forming the interlayer insulation film comprising 
the step of firing the board after the liquid containing 
polyimide or polyimide precursor is discharged onto the 
board. 

[0042] In the method of producing a multilayered wir- 
ing board according to the present invention, an amount 
of a liquid drop discharged by the liquid drop discharge 
system, a density of the liquid drop disposed and a time 
for scanning the discharge are preferably adjusted so 
that the interlayer insulation layer has substantially the 
same height as that of the conductor post, 
[0043] According to such a method, the multilayered 
wiring board having an excellent structure in which the 
height {film thickness) of the interlayer insulation film 
and the height {film thickness) of each conductor post 
become substantially the same. 
[0044] In addition, if the self-leveling effect is expect- 
ed upon the pattern application by the liquid drop dis- 
charge system, a negative pattern of the bit maps used 
for forming the conductor posts can be used as it is 
(avoiding the conductive posts) to apply for forming the 
interlayer insulation film. On the other hand, if the self- 
leveling effect is not so expected, after the application 
for forming the interlayer insulation film is made until the 
interlayer insulation film has the same height as that of 
the underlayer wiring so as to avoid the underlayer wir- 
ing, the application is made similarly so as to avoid the 
underlayer wiring. Finally, calcination is made to com- 
plete the interlayer insulation film comprising the poly- 
imide, 

[0045] The method of producing a multilayered wiring 
board of the present invention comprises the steps of 
forming the interlayer insulation film and the conductor 
post so that the interlayer insulation layer has substan- 
tially the same height as that of the conductor post, and 
forming at least one of the wiring layer, the interlayer 
insulation layer and the conductor post on the interlayer 
insulation film or the conductor post using the method 
of producing the multilayered wiring board according to 
any one of Claims 1 to 13. 

[0046] According to a such method, the multilayered 
wiring board can be formed with relatively simple pro- 
duction processes. In otherwords, for example, after top 
surfaces of the conductor posts are exposed and parts 
other than the top surfaces are overlaid with the inter- 
layer insulation film having the same height as those of 
the top surfaces of the conductor posts, the water repel- 



lent treatment of the board, the wiring and the conduc- 
tive posts formation by the liquid drop discharge system, 
the firing, the formation of the interlayer insulation film, 
the firing and the like are repeated at the predetermined 
5 times. In principle, the multilayered wiring having non- 
limiting layers can be formed. 

[0047] The method of producing a multilayered wiring 
board of the present invention comprises the step of 
forming the multilayered wiring on a chip having an in- 
fo tegrated circuit using the method of producing the mul- 
tilayered wiring board according to any one of Claims 1 
to 14. 

[0048] According to such a method, the multilayered 
wiring can be formed directly on an IC (integrated circuit) 
15 chip by the liquid drop discharge. 

[0049] The method of producing a multilayered wiring 
board of the present invention comprises the step of us- 
ing the method of producing the multilayered wiring 
board according to any one of Claims 1 to 14 to the 
board on which at feast one of the wiring layer, the in- 
terlayer insulation layer and the conductor post is 
formed by the production method other than the produc- 
tion method according to any one of Claims 1 to 14. 
[0050] According to such a method, using the method 
of producing the multilayered wiring board of the present 
invention, the multilayered wiring can be formed on the 
board that is formed on the way by other production 
method different from the method of producing the mul- 
tilayered wiring board of the present invention. 
[0051] This method is suitable, for example, for dou- 
bie-sided board mounting. Specifically, a pattern is 
formed on an innermost layer of the board, or through- 
holes are perforated in advance and are filled with a met- 
al paste and the like. Then, the conductor posts are 
formed using the method of the present invention. Thus, 
the double-sided mounted multilayered wiring board 
can be formed only by the liquid drop discharge system. 
[0052] in the method of producing a multilayered wir- 
ing layer board of the present invention comprising at 
least two wiring layers, an interlayer insulation film dis- 
posed between the wiring layers, and a conductor post 
for conducting between the wiring layers, at least one of 
the wiring layer, the interlayer insulation layer and the 
conductor post is preferably produced by the method of 
producing the multilayered wiring board according to 
any one of Claims 1 to 16. 

[0053] According to such a board, the wiring layer, the 
interlayer insulation film or the conductor posts can be 
formed using the liquid drop discharge system, whereby 
high density multilayered wiring can be formed with high 
accuracy. 

[0054] The multilayered wiring board of the present 
invention comprises at least two wiring layers, an inter- 
layer insulation film disposed between the wiring layers, 
and a conductor post for conducting between the wiring 
layers, wherein the conductor post has a shape like a 
bowl turned upside down with a thickness of 1 microm- 
eter to 20 micrometer and a diameter of 10 micrometer 
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to 200 micrometer, 

[0055] According to such a board, the conductor posts 
are very smalt, and therefore high density multilayered 
wiring can be formed with high accuracy. 
[0056] !n the multilayered wiring board according to 
the present invention, the interlayer insulation layer has 
preferably substantially the same height as that of the 
conductor post. 

[0057] According to such a board, the multilayered 
wiring board having numbers of layers can be easily 
formed. 

[0058] In the multilayered wiring board according to 
the present invention, a top surface of the interlayer In- 
sulation film is preferably formed substantially flat. 
[0059] According to such a boards the multilayered 
wiring board having numbers of layers can be easily 
formed. 

[0060] The electronic device of the present invention 
has a wiring layer, an interlayer insulation film formed 
on the wiring layer, and a conductor post connected to 
wiring of the wiring layer and formed through the inter- 
layer insulation film, wherein at least one of the wiring 
layer, the interlayer insulation layer and the conductor 
post is produced by the production method according to 
any one of Claims 1 to 16. 

[0061] According to such an electronic device, the 
multilayered wiring board having high density can be 
formed with high accuracy. 

[0062] The electronic device wiring board of the 
present Invention has a wiring layer, an interlayer insu- 
lation film formed on the wiring layer, and a conductor 
post connected to wiring of the wiring layer and formed 
through the interlayer insulation film, wherein the con* 
ductor post has a shape like a bowl turned upside down 
with a thickness of 1 micrometer to 20 micrometer and 
a diameter of 10 micrometer to 200 micrometer. 
[0063] According to such an electronic device, the 
conductor posts are very small, and therefore a very 
small electronic device can be constructed to miniatur- 
ize an electronic apparatus, 

[0064] In the electronic device according to the 
present invention, the interlayer insulation layer has 
preferably substantially the same height as that of the 
conductor post 

[0065] According to such an electronic device, the 
electronic device having numbers of layers can be 
formed with high accuracy to miniaturize an electronic 
apparatus. 

{0066] In the electronic device according to the 
present invention, a top surface of the interlayer insula- 
tion film is preferably formed substantially flat. 
[0067] According to such an electronic device, the 
electronic device having numbers of layers can be 
formed with high accuracy, which enables to miniaturize 
and elaborate an electronic apparatus. 
[0068] The electronic apparatus of the present inven- 
tion comprises the multilayered wiring board. 
[0069] According to the present invention, the produc- 



tion costs can be decreased and the electronic appara- 
tus can be small-sized, while the production time is 
shortened. 

[0070] The electronic apparatus of the present inven- 
5 tion comprises the electronic device. 

[0071] According to the present invention, the produc- 
tion costs can be decreased and the electronic appara- 
tus can be small-sized, while the production time is 
shortened. 

to [0072] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a process drawing showing the method of 

15 producing the multilayered wiring board according 
to a first embodiment of the present invention. 
Fig. 2 is a process drawing showing the method of 
producing the multilayered wiring board according 
to a first embodiment of the present invention. 

20 Fig. 3 is a process drawing showing the method of 
producing the multilayered wiring board according 
to a first embodiment of the present invention. 
Fig. 4 is a process drawing showing the method of 
producing the multilayered wiring board according 

25 to a second embodiment of the present invention. 
Fig. 5 is a process drawing showing the method of 
producing the multilayered wiring board according 
to a third embodiment of the present invention. 
Fig. 6 is a process drawing showing the method of 

30 producing the multilayered wiring board according 
to a fourth embodiment of the present invention. 
Fig. 7 is a drawing showing an example of an elec- 
tronic apparatus comprising a multilayered wiring 
board according to the embodiment of the present 

35 invention. 

Fig. 8 is a drawing showing an example of an elec- 
tronic apparatus comprising a multilayered wiring 
board according to the embodiment of the present 
invention. 

40 Fig. 9 is a drawing showing an example of an elec- 
tronic apparatus a multilayered wiring board ac- 
cording to the embodiment of the present invention. 
Referring to figures, the method of producing the 
multilayered wiring board according to the present 

45 invention will be described below. 

(First embodiment) 

[0073] Figs. 1 to 3 are process drawings showing the 
50 method of producing the multilayered wiring board ac- 
cording to one embodiment of the present invention. Fig. 
1 shows processes from an ink repellent treatment proc- 
ess to an interlayer post formation process. Fig, 2 shows 
interlayer insulation film formation processes. Fig, 3 
55 shows processes after the second wiring pattern forma- 
tion. In the present embodiment, a multilayered printed 
wiring is formed on one side of the board 10, 
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<Conductive ink> 

[0074] Firstly, there will be described a conductive ink 
that is a \\qu\6 discharged from a liquid drop discharge 
apparatus for use in the formation of the multifayered 
printed wiring. A gold particulate dispersion (made by 
Vacuum Metallurgical Co. f Ltd. under the trade desig- 
nation of "Perfect Gold") in which gold particulates hav- 
ing a diameter of about 10 nm are dispersed in toluene 
is diluted with toluene to have a viscosity of 3 [mPa-s], 
The liquid is used as the conductive ink in this embodi- 
ment. 

<lnk repellent treatment process> 

[0075] Then, an ink repellent treatment (water repel- 
lent treatment) provided to the surface of the board will 
be described. By the ink repellent treatment, a position 
of the conductive ink discharged onto the board can be 
controlled with high accuracy. The board 10 comprising 
polyimide is cleaned with IPA, irradiated with an ultravi- 
olet ray with a wavelength of 254 nm at intensity of 10 
mW/cm 2 for 10 minutes, and then cleaned (ultraviolet 
ray irradiation cleaning). To apply the ink repellent treat- 
ment to the board 10, 0.1 g of hexadecafuiuoro 1,1 ,2,2 
tetrahydrodecyl triethoxysiiane and the board 1 0 are fed 
into a closed container having a volume of 10 liter, and 
are held at 120 Celsius degree for 2 hours. An ink re- 
pellent monomoiecular film is formed on the board 10. 
A contact angle between the surface of the board 10 on 
which the monomoiecular film is formed and the con- 
ductive ink discharged thereon will be t for example, 
about 70 degree. 

[0076] Such contact angle between the surface of the 
board and the conductive ink after the ink repellenttreat- 
ment is too large to form the muitilayered printed wiring 
by the liquid drop discharge system. Accordingly, the 
board 10 is irradiated with the ultraviolet ray having the 
same wavelength (254 nm) used in the cleaning for 2 
minutes. As a result, the contact angle between the con- 
ductive ink and the surface of the board becomes about 
35°. 

[0077] Alternatively, a receptor layer may be formed 
instead of the ink repellent treatment 

<First wiring formation process> 

[0078] The conductive ink is discharged onto the 
board 10 that is subjected to the ink repellent treatment. 
The ink is discharged from an Inkjet head 11 of the liquid 
drop discharge apparatus as a liquid drop 12 to provide 
a bit map pattern having predetermined dot spaces. 
Then, a heat treatment is performed to form a conduc- 
tive film pattern. 

[0079] As the ink jet head 1 1 , a head for commercially 
available printer (trade designation of T, Pfv1950C") is, for 
example, used. Since an ink inlet part is made of plastic, 
the ink inlet part is changed from plastic to metai jig so 



that the inlet part is not dissolved in an organic solvent. 
When the conductive ink is discharged with a driving 
voltage of 20 V of the ink jet head 11, the liquid drop 
having a volume of 5 pico liter is discharged. The diam- 

5 eterof the liquid drop 12 is about 27 jim. After the liquid 
drop 12 is fallen down to the board 10 (at the contact 
angle of 35 degree), the liquid drop 12 is broaden on the 
board 10 to have a diameter of about 45 um 
[0080] A wiring pattern drawn on the board 10 is 

10 formed by designing white and black binary bit maps on- 
to square grids having each side of 50 jim, and discharg- 
ing the liquid drops 12 in accordance with the bit maps. 
As shown in Fig, 1(a), the conductive ink containing the 
gold particulates is discharged from the ink jet head 11 

15 to the board 10 so that the ink is disposed per 50 |irn. 
[0081] Under the above conditions, one liquid drop 1 3 
fallen onto the board 10 broadens with a diameter of 
about 45 urn, the liquid drop 13 is not contacted with 
other liquid drop 13, and all dots (liquid drops 13) are 

20 disposed separately on the board 10. After the pattern 
discharge is made, hot air of 1 00 Celsius degree is ap- 
plied to the board 10 for 15 seconds to dry the conduc- 
tive ink. Then, the board 10 is self-cooled for several 
minutes until it returns back to room temperature, result- 

25 ing in the state shown in Fig. 1{b). 

[0082] After this treatment, the board 10 holds the 
same ink repellency as before. Ink liquid drops 14 are 
formed such that the solvent is dried from the liquid 
drops 13 and have a thickness of about 2 The ink 

so liquid drops 14 have substantially the same ink repel- 
lency as those of the parts on the board having no ink 
liquid drops 14. 

[0083] As shown In Fig. 1(c), liquid drops 15 contain- 
ing the same liquid as the liquid drops 13 are discharged 

35 between the separated dots (ink liquid drops 14) under 
the same conditions. Fig. 1 shows only a sectional view. 
But, when the isolated dots or the ink liquid drops 14 
exist also in a vertical direction thereof, the liquid drops 
15 are also discharged between the dots, 

40 [0084] In this discharge, liquid repellencies of the 
board 10 and the ink liquid drops 14 are almost the 
same. Under the above conditions, almost the same re- 
sults can be obtained as the case of the discharge onto 
the board 10 having no ink liquid drops 14. 

45 [0085] The hot air is applied to the liquid drops 1 5 as 
described above to dry the solvent of the conductive ink. 
As a result, there is formed a pattern 16 where all ink 
liquid drops are connected as shown in Fig. 1(d). 
[0086] In order to increase the film thickness and not 

50 to leave the dots in the wiring pattern, the discharge be- 
tween the dots and the hot air drying are repeated 6 
times in total including the above to form a wiring pattern 
17 having a line width of 50 u.m and a film thickness of 
10 as shown in Fig. 1(e). In this stage, only the sol- 

55 vent of the conductive ink is dried and firing is not suffi- 
cient. Therefore, the wiring pattern has no electrical con- 
ductivity. 
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<lnteriayer conductive post formation process> 

[0087] Then, there is formed interlayer conductive 
posts (conductor posts) 18 for conducting with a second 
layer through an interlayer insulation film. The interlayer 5 
conductive posts can be formed by entirely the same 
processes as the first layer wiring formation processes 
as described above. In other words, the conductive ink 
containing silver particulates is discharged onto only 
places where interlayer conductivity is needed, is hot- 10 
air dried and is again discharged. The interlayer con- 
ductive posts 18 having a height of 10 \irn from the first 
layer are formed by the discharges repeated 6 times in 
total as shown in Fig. 1(f), 

[0088] The board 10 patterned is heat treated at 300 15 
Celsius degree in air for 30 minutes to electrically con- 
tact the silver particulates. The interlayer conductive 
posts 18 are formed integrally with the wiring patterns 
1 7 of the first layer. By the heat treatment, a totai thick- 
ness of the wiring patterns 1 7 and the interlayerconduc- 20 
tive posts 18 becomes about half before the heat treat- 
ment as shown in Fig. 1(g). The silver wiring patterns 
have electrical conductivity of about 2 [u^cm]. An ad- 
hesion between the wiring patterns 1 7 and the board 1 0 
is evaluated by a Cellotape (registered trademark) test, 25 
resulting in sufficient adhesion without peeling. 

<lnterlayer insulation film formation proces$> 

[0089] Upon the formation of the interlayer insulation 30 
film, the board 10 on which the first layer wiring pattern 
17 is formed is irradiated with an ultraviolet ray having 
a wavelength of 256 nm at intensity of 10 [mVWem 2 ] for 
5 minutes as a pretreatment. Inkphilicity is provided on 
the surface of the board 10 and the first wiring pattern. 35 
[0090] As an ink 21 for forming the interlayer insula- 
tion film, commercially available poiyimide varnish 
(made by Du Pont Corp. under the trade designation of 
Tile ML") is f for example, diluted with a solvent (N-me- 
thy]-2-pyrolidone) to adjust its viscosity to 20 [mPa-s]. *o 
The ink 21 is applied to all portions excluding the inter- 
layer conductive posts 1 8 using the same liquid drop dis- 
charge apparatus used in the formation of the conduc- 
tive pattern in the aforementioned first layer wiring for- 
mation process. The amount of the ink liquid drops is, 45 
for example, 5 pico liter The ink 21 is fallen down to and 
wets the surface of the inkphitic board 10 and the ink- 
philic wiring pattern 17. AH portions excluding the inter- 
layer conductive posts are covered with the ink 21 . The 
surface of the ink 21 becomes flat by the self-leveling 50 
effect. As shown in Fig. 2(a), the ink 21 is re-applied sev- 
eral times by the liquid drop discharge apparatus so that 
the height of each interlayer conductive post 18 slightly 
protruded (about 0.1 \im) from the surface of the ink 21 . 
[0091] Then, the board 10 is heat-treated at 400 Gel- 55 
sius degree for 30 minutes to remove the solvent and to 
cure the poiyimide. As a result, as shown in Fig. 2(b), 
the thickness of the poiyimide 22 becomes about half of 



that of the ink 21 before the heat treatment 
[0092] The ink 21 is patterned and applied to the poiy- 
imide 22 as described above, so that each of interlayer 
conductive post 1 8 is slightly protruded from the surface 
of the ink 21 , as shown in Fig. 2(c). Then, the board 10 
is heat-treated at 400 Celsius degree for 30 minutes to 
cure the poiyimide. As shown in Fig. 2(d), the thinnest 
thickness of the poiyimide 22 is, for example, 8 u,m in 
total. 

[0093] In this state, the surface of the poiyimide 22 
has irregularity based on the first wiring pattern. How- 
ever, if the aforementioned process (the ink is applied 
and fired so that a top surface of each post is slightly 
protruded) is conducted, further flatness can be ob- 
tained. Alternatively, the poiyimide precursor may be ap- 
plied not to entire surface, but to concave parts and be 
fired. 

[0094] Repeating the process several times can flat- 
ten the surface of the poiyimide 22 such that the irreg- 
ularity can be almost ignored in the subsequent proc- 
esses. For applications that the irregularity of the sur- 
face is not so important, the flatten process is not re- 
quired so much as the above, 

[0095] In the following embodiments, the surface is 
flatten in the figures for simplicity. 
[0096] As described above, the interlayer insulation 
film (poiyimide 22) can be formed to assure the expo- 
sure of the top surface of each interlayer conductive post 
18. 

<Second wiring formation process> 

[0097] A second wiring pattern 31 rs formed on the 
interlayer insulation film (poiyimide 22) by the same 
process as the first layer. In other words, respective 
processes including the I PA cleaning, the ultraviolet ray 
irradiation cleaning, the ink repeilency application by 
alkyl siiane fluoride, the control of the contact angle by 
the ultraviolet ray Irradiation, the pattern discharge of 
the ink containing the silver particulates, and the hot-air 
drying are performed. Then, the steps of the discharge, 
the hot-air drying, the discharge and the hot-air drying 
are repeated at required times. 
[0098] For more multilayering, as shown in Fig. 3(a), 
the interlayer conductive post 32 is formed using the 
similar process as the first layer, and then the board is 
fired together with the second wiring to be conductive. 
As shown tn Fig. 3{b), an interlayer insulation film 33 
disposed between the second and third layers is formed 
using the similar process for forming the interlayer insu- 
lation film (poiyimide 22) between the first and the sec- 
ond layers. Repeating the process the required number 
of times can make any required layers. Fig. 3{c) shows 
the board on which a third layer is formed. 

(Second embodiment) 

[0099] Fig. 4 is a process drawing showing the meth- 
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od of producing the multilayered wiring board according 
to a second embodiment of the present invention. In this 
embodiment, multilayered printed wiring is formed on 
both sides of a core board 40. 

[0100] If the wiring pattern and the insulation fiim pat- 
tern are layered by the liquid drop discharge system sim- 
ilar to the first embodiment, wiring can be produced onfy 
on a single side of the board. In order to produce the 
multilayered printed wiring on both sides of the board, 
normal double sided wiring board is used as the central 
core board 40. Starting with such board, similar proc- 
esses as the first embodiment may be conducted on the 
both sides. 

[0101] Preferably, the core substrate 40 may have no 
through-holes. The through-holes may be filled with a 
metal paste 41, non-through-holes are perforated to a 
copper foil of a board having a copper foil side and are 
filled with the metal paste. Perforation is generally made 
by photolithography or a laser irradiation. Alternatively, 
the though-holes or the non-through-holes may be filled 
with the conductive ink containing the silver particulates 
u sed i n the fi rst embodiment by the I iq u id drop discha rge 
system. 

[0102] Thus, starting with the wiring patterns formed 
on both surface of the core board 40, repeating the proc- 
esses of the formation of the interlayer conductor posts 
42, the formation of the interlayer insulation film 43 and 
the formation of wiring patterns 44 on both sides can 
form the multifayered printed wiring on both side of the 
core substrate 40. 

(Third embodiment) 

[0103] Fig. 5 is a process drawing showing the meth- 
od of producing the multilayered wiring board according 
to a third embodiment of the present invention, in this 
embodiment, re-wiring is formed by a Chip Scale Pack- 
age (CSP) method, i.e., a wiring pattern is drawn directly 
on a chip to form the multilayered printed wiring. 
[0104] Firstly, an IC chip 50 on which aluminum pads 
51 are formed is subjected to the ink repellent treatment 
using a monomolecularfiim as shown in Fig. 5(a), This 
ink repellent treatment is the same as in the first embod- 
iment except that decyltriethoxysilane is used as a ma- 
terial of the monomolecuiar film. 
[0105] Then, as shown in Fig. 5(b), interlayer conduc- 
tive posts 52 having a height of 5 fim and a diameter of 
50 urn are formed m respective centers of the aluminum 
pads 51 by the similar processes as in the first embod- 
iment. Furthermore, an interlayer insulation film 53 is 
formed up to the top surfaces of the interlayer conduc- 
tive posts 52 by the similar processes as in the first em- 
bodiment. The interfayer insulation film 53 having a flat 
top surface can be formed, while exposing the top sur- 
faces of the Interlayer conductive posts 52 with certainty. 
[0106] Then, the processes of the ink repellent treat- 
ment, the second wiring layer formation, the interlayer 
conductive posts formation and the interlayer insulation 



film formation are conducted, whereby the re-wiring 54 
from the aluminum pad 51 is formed as shown in Fig. 5 
(c). Pads 55 and bumps 56 disposed on the pads 55 are 
formed on the interlayer conductive posts 52 that are 
5 exposed on the surface of the board by normal photoli- 
thography, or the wiring formation method in the first em- 
bodiment. 

(Fourth embodiment) 

10 

[0107] Fig. 6 is a process drawing showing the meth- 
od of producing the multilayered wiring board according 
to a fourth embodiment of the present invention, tn this 
embodiment, a coil shape at an antenna termination of 
15 a radio IC card 60 is formed by the production method 
in the above embodiments. Figs. 6(a') f (b ! ) and (c f ) are 
sectional views between two pads 65 in Figs. 6(a), (b) 
and £c). 

[0108] The radio IC card 60 comprises an IC chip 63 
20 and a coil shaped antenna 62 that are mounted on a 
polyimide fiim 61 . The IC chip 63 comprises a nonvola- 
tile memory, a logic circuit, a high frequency circuit and 
the like, and activates by catching at the antenna 62 ra- 
dio waves transmitted from an external transmitter and 
25 receiving electric power supply. The IC chip 63 analyzes 
an signal received by the antenna 62, and allows the 
antenna 62 to issue a required signal based on an an- 
alyzed result. 

[0109] In order to produce such a radio IC card, the 
30 coil shaped antenna 62 is formed on the polyimide film 
6 1 as shown in Fig. 6(a) In the similar manner for forming 
the first wiring in the first embodiment. An termination 
63a for mounting pad parts 64 and the IC chip 63 are 
formed concurrently with the antenna 62, After the an» 
35 tenna 62 is formed, interlayer conductor posts 65 are 
formed on the pad parts 64 in the similar manner as in 
the first embodiment. As shown in Fig. 6(b), polyimide 
is applied in a pattern so that top surfaces of the inter- 
layer conductive posts 65 are exposed, whereby an in- 
40 terlayer insulation fiim 66 is formed in the simitar manner 
in the first embodiment 

[0110] After the interlayermsulationfilm66 is formed, 
an conductive ink containing silver particulates is ap- 
plied in a pattern shown in Fig. 6(c) by the liquid drop 

45 discharge system, and is fired to form wiring 67 for con- 
necting both terminals of the coil shaped antenna 62 In 
the sinrular manner in the first embodiment. Finally, the 
IC chip 63 is mounted on a position shown in Fig, 6(c) 
using an anisotropic conductive film. A protective film 

50 (not shown) is laminated over the whole structure to pro- 
vide the radio IC card 60. 

[0111] The radio IC card 60 can, for example, com- 
municate with an external reader/writer 5 cm apart. 
[0112] When the pad part 64 is relatively large in a 
55 square size of several mm, the multilayered printed wir- 
ing can be provided by forming the interlayer conductive 
posts 65 to leave an area required for conducing the 
layers, even if the interlayer conductive posts 65 are not 



8 



15 



EP 1 355 522 A2 



16 



formed in advance. In this case, the interlayer insulation 
films 66 have tapered ends. Therefore, the wiring 67 can 
be formed on the interlayer insulation layer 66 by the 
liquid drop discharge system without disconnection, 

(Electronic apparatus) 

[01 1 3] Examples of an electronic apparatus compris- 
ing the board produced using the method of producing 
the multilayered wiring board in the above-described 
embodiments will be described. 
[0114] Fig. 7 is a perspective view showing an exam- 
ple of an mobile phone. In Fig. 7, a numeral 1000 des- 
ignates a mobile phone body, and a numeral 1001 des- 
ignates a display using the multilayered wiring board 
produced by the method in the above-mentioned em- 
bodiments. 

[0115] Fig, 8 is a perspective view showing an exam- 
ple of an electronic watch. In Fig. 8, a numeral 1100 des- 
ignates a watch body, and a numeral 1101 designates 
a display using the multilayered wiring board produced 
by the method in the above-mentioned embodiments. 
[01 16] Fig, 9 is a perspective view showing an exam- 
ple of an mobile information processing apparatus. In 
Fig. 9, a numeral 1200 designates an information 
processing apparatus, a numeral 1202 designates an 
input part such as a keyboard, a numeral 1204 desig- 
nates an information processing apparatus body, and a 
numeral 1206 designates a display using the multilay- 
ered wiring board produced by the method in the above- 
mentioned embodiments. 

[0117] The electronic apparatuses shown in Figs, 7 to 
9 comprise the multilayered wiring board produced by 
the method in the above-mentioned embodiments, and 
therefore are produced in simple production processes 
with a shortened production time than ever 
[0118] It should be understood that this invention is 
not to be unduly limited to the illustrative embodiments 
set forth herein, and various modifications and altera- 
tions of this invention will become apparent without de- 
parting from the scope of this invention. Any specific ma- 
terials, layer structures and production methods set 
forth in embodiments are only for the purpose of illus- 
tration, and can be changed as required. 
[01 1 9] For example, the production method according 
to the present invention can be applied to not only the 
multilayered printed wiring, but also a multilayered wir- 
ing for large scale display devices. 
[0120] As apparent from the above-mentioned de- 
scription, according to the present invention, the inter- 
layer insulation film is disposed around the conductor 
posts using the liquid drop discharge system, whereby 
an elaborate multilayered wiring can be formed with rel- 
atively simple production processes. 



Claims 

1. A method of producing a multtlayered wiring board 
having at least two wiring layers, an interlayer insu- 

5 lation film between the wiring layers, and a conduc- 

tor post for conducting between the wiring layers, 

wherein the interlayer insulation film is dis- 
posed around the conductor post using a liquid drop 
discharge system. 

10 

2, A method of producing a multilayered wiring board 
according to Claim 1, wherein the interlayer insula- 
tion film is formed using a liquid with a low viscosity, 

1$ 3* A method of producing a multilayered wiring board 
according to Claim 1 or 2, wherein the conductor 
post is formed by the liquid drop discharge system. 

4. A method of producing a multilayered wiring board 
20 according to any one of Claims 1 to 3, wherein at 

least one of the wiring layers is formed by the liquid 
drop discharge system. 

5. A method of producing a multilayered wiring board 
25 according to Cfaim 1, wherein all of the interlayer 

insulation film, the wiring layers and the conductor 
post are formed by the liquid drop discharge sys- 
tem. 

30 6. A method of producing a multilayered wiring board 
according to Claim 1, wherein all of the interlayer 
insulation film, the wiring layers and the conductor 
post are formed using the same liquid drop dis- 
charge apparatus. 

35 

7, A method of producing a multilayered wiring board 
according to any one of Claims 3 to 6, the wiring 
and the conductor post are formed by repeating a 
discharge of a conductive ink to a board and a dry- 

40 jng of the conductive ink discharged alternately. 

8, A method of producing a multilayered wiring board 
according to any one of Claims 1 to 7, wherein a 
discharged surface of the board is subjected a wa- 

45 ter repellent treatment before a liquid drop is dis- 
charged onto the board by the liquid drop discharge 
system. 

9, A method of producing a multilayered wiring board 
50 according to any one of Claims 1 to 7, wherein a 

receptor layer is formed on a discharged surface of 
the board before the liquid drop is discharged onto 
the board by the liquid drop discharge system. 

55 10. A method of producing a multilayered wiring board 
according to any one of Claims 1 to 9, wherein the 
wiring and the conductor post are formed by firing 
the conductive ink that is discharged onto the board 
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and is dried. 

11. A method of producing a muiiiiayered wiring board 
according to any one of Claims 1 to 10, wherein the 
step of forming the interlayer insulation comprising 
the step of discharging a liquid containing polyimide 
or a polyimide precursor onto the board. 

12. A method of producing a multilayered wiring board 
according to Claim 11, wherein the step of forming 
the intertayer insulation film comprises the step of 
firing the board after the liquid containing polyimide 
or polyimide precursor is discharged onto the 
board. 

13. A method of producing a multilayered wiring board 
according to Claim 10, wherein an amount of a liq- 
uid drop discharged by the liquid drop discharge 
system, a density of the liquid drop disposed and a 
time for scanning the discharge are adjusted so that 
the interlayer insulation layer has substantially the 
same height as that of the conductor post 

14. A method of producing a multilayered wiring board, 
comprising the steps of: 

forming the interlayer insulation film and the 
conductor post so that the interlayer insulation 
layer has substantially the same height as that 
of the conductor post, and forming at least one 
of the wiring iayer, the interlayer insulation layer 
and the conductor post on the interlayer insu- 
lation film or the conductor post using the mettv 
od of producing the multilayered wiring board 
according to any one of Claims 1 to 13. 

15. A method of producing a multilayered wiring board, 
comprising the step of forming the multilayered wir- 
ing on a chip having an integrated circuit using the 
method of producing the multilayered wiring board 
according to any one of Claims 1 to 14. 

16. A method of producing a multilayered wiring board, 
comprising the step of using the method of produc- 
ing the multilayered wiring board according to any 
one of Claims 1 to 14 to the board on which at least 
one of the wiring layer, the interlayer insulation layer 
and the conductor post is formed by the production 
method other than the production method accord- 
ing to any one of claims 1 to 14. 

17. A method of producing a multilayered wiring layer 
board comprising at least two wiring layers, an in- 
terlayer insulation film disposed between the wiring 
layers, and a conductor post for conducting be- 
tween the wiring layers, 

wherein at least one of the wiring layer, the 
interlayer insulation layer and the conductor post is 



produced by the method of producing the multilay- 
ered wiring board according to any one of Claims 1 
to 16. 

5 18. A multilayered wiring board, comprising at least two 
wiring layers, an interlayer insulation film disposed 
between the wiring layers, and a conductor post for 
conducting between the wiring layers, 

wherein the conductor post has a shape like 

io a bowl turned upside down with a thickness of 1 mi- 
crometer to 20 micrometer and a diameter of 10 mi- 
crometer to 200 micrometer. 

19. A multilayered wiring board according to Claim 18, 
15 wherein the interlayer insulation layer has substan- 
tially the same height as that of the conductor post. 

2D. A multilayered wiring board according to Claim 18 
or 19, wherein a top surface of the interlayer insu- 
20 lation film is formed substantially flat. 

21. An electronic device comprising a wiring layer, an 
interlayer insulation film formed on the wiring iayer, 
and a conductor post connected to wiring of the wir- 

25 mg layer and formed through the interlayer insula- 
tion film, 

wherein at least one of the wiring layer, the 
interlayer insulation layer and the conductor post is 
produced by the production method according to 
30 any one of Claims 1 to 1 6, 

22. An electronic device comprising a wiring layer, an 
interlayer insulation film formed on the wiring layer, 
and a conductor post connected to wiring of the wir- 

35 ing layer and formed through the interlayer insula- 
tion film, 

wherein the conductor post has a shape like 
a bowl turned upside down with a thickness of 1 mi- 
crometer to 20 micrometer and a diameter of 1 0 mi- 
40 crometer to 200 micrometer. 

23. An electronic device according to Claim 22, wherein 
the interlayer insulation layer has substantially the 
same height as that of the conductor post. 

45 

24. An electronic device according to Claim 22 or 23, 
wherein a top surface of the interlayer insulation film 
is formed substantially flat. 

so 25. An electronic apparatus comprising the multilay- 
ered wiring board according to any one of Claims 
17 to 20. 

26. An electronic apparatus comprising the electronic 
55 device according to any one of Claims 21 to 24. 
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